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(57) ABSTRACT 

An improved ?lament Winding method and apparatus for 
fabrication of composite material products is based on a 
mechanism that rotates ?laments around a non-rotating 
mandrel. The primary ?laments in predetermined patterns 
tend to move on the mandrel and thus such ?laments are 

?xed in position relative to the mandrel by over-Wrapping 
them With secondary ?laments applied over the primary 
?laments. The Winding mechanism functions by rotating 
?lament spools around a non-rotating mandrel rather than 
rotating the mandrel to pull the ?laments onto the mandrel. 
The mandrel is axially translated through the center of the 
Winding mechanism or the Winding mechanism is translated 
over a stationary mandrel Which is supported in such a 
manner as to provide for such translation. 
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OVER-WRAPPING A PRIMARY FILAMENT TO 
FABRICATE A COMPOSITE MATERIAL 

PREVIOUS FILING INFORMATION 

[0001] On May 29, 2001 the United States Patent Office 
received a copy of—and assigned serial No. 60/294,195 
to—a Provisional Patent Application (PPA) ?led by the same 
inventor hereof. That PPA is incorporated herein by this 
reference as though set out here in full. Additionally, the PPA 
is being supplemented by this Regular Patent Application 
(RPA). Applicant expressly reserves all rights and privileges 
?oWing from the PPA and its earlier of?cial ?ling date and 
contents thereof. This RPA folloWs and is supported by the 
PPA. 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

[0002] This invention relates to ?lament Winders used to 
apply ?laments to a support surface such as a mandrel. More 
speci?cally, the ?eld of this invention relates to the fabri 
cation of ?lament reinforced composite products. Addition 
ally the ?eld of this invention relates to Winding of ?laments 
and relative motion betWeen ?lament Winding machinery 
and a mandrel. The ?eld of the Winding method of the 
invention envisions computer control of mandrels, spools 
and associated ?lament Winding apparatus for the improved 
formation of diverse composite material structures. 

EXPLANATION OF TERMS 

[0003] My invention interfaces and operates in conjunc 
tion With various ?lament Winding and composite material 
forming technologies. Set out beloW are brief descriptions of 
certain relevant terms Which further the understanding of the 
invention. These terms provide a basis for a detailed teach 
ing of the improvements of this invention in the relevant 
arts. Such terms are not intended to replace the claims but 
rather serve as helpful guides in understanding my novel 
improvements in these arts. 

Fiber Reinforced Composites 

[0004] Fiber reinforced composites are materials consist 
ing of a multitude of ?bers Which are surrounded and 
encased in a matrix. The desired properties of the composite 
may be structural, electrical, thermal or magnetic. These 
diverse properties are achieved by the appropriate selection 
of the matrix and ?ber materials and by the orientation and 
quantities of these selected constituents. 

Matrix Materials 

[0005] The matrix material performs functions such as 
maintaining the ?bers in a set position after the matrix has 
set or cured, transferring forces betWeen adjacent ?bers, 
providing environmental protection for the ?bers and pro 
viding resistance to ?uid penetration. Examples of matrix 
materials include polymers such as epoxies, metals, ceram 
ics, refractory materials such as carbon and graphite, and 
elastomeric materials such as rubber. 

Fibers 

[0006] Fibers used in composites include such materials as 
glass, carbon, metal, jute, and ceramics. The ?bers are 
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frequently as small as 5 mm in diameter and may be grouped 
into yarns or ?laments of from one to over 40,000 ?bers. 

Mandrel 

[0007] An object that forms the inside shape of the com 
posite part that is being fabricated. It may be extracted after 
the part is fabricated or in some cases, the mandrel may 
remain inside the composite part. The shape may be irregu 
lar and the mandrel may be either straight or curved as 
required for the con?guration of the part being fabricated. 
The axial direction of the mandrel is herein taken to be the 
longitudinal axis of the mandrel. Fiber or ?lament orienta 
tions are referenced to the axial direction With the axial 
direction taken as 0 degrees and the circumferential direc 
tion as 90 degrees. 

Pultrusion 

[0008] Pultrusion is a process for fabricating long slender 
composite parts of constant cross section by pulling the ?ber 
reinforcements through a heated die Where the ?bers are Wet 
out With uncured resin either prior to the die or While in the 
die. Heat supplied from the die causes the resin to cure thus 
producing a solid composite having the same shape as the 
die opening. 

Braiding 

[0009] Braiding is a process for producing an interlaced 
textile Where the interWeaving of the yarns is a result of 
passing the yarns over and under yarns approaching from the 
opposite direction. The yarns Which form this braid are 
generally supplied to tWo counter rotating feeds. 

BACKGROUND—DESCRIPTION OF PRIOR 
ART 

[0010] Fabrication of ?ber reinforced plastic composites 
has become a major WorldWide industry. The modern ?bers 
or reinforcing ?laments noW available alloW components to 
have physical properties far in excess of their metal coun 
terparts. By selection from among a Wide variety of ?la 
ments such as glass, carbon, arimide, polyethylene, ceramic 
or metal, and by careful control of the orientation of these 
?laments, it is possible to achieve a Wide range of physical 
properties. 
[0011] Properties that can be tailored include stiffness, 
strength, thermal conductivity, thermal expansion, Weight, 
electromagnetic energy absorption, etc. These various ?bers 
Were traditionally imbedded or encased in a plastic matrix 
but even the matrix technology has been broadened to noW 
include matrices such as metal, ceramic, carbon and glass. 

[0012] Braiding machines are an alternative to reinforced 
?laments, but such machines have their draWbacks. While 
braiding machines do not suffer from the need to secure the 
?laments by Wrapping, they do suffer from a limited ability 
to control ?ber distribution. Often a craftsman must control 
many variables such as angles, speed, tension and other 
related factors in a given task. Braiding machines do not 
offer the versatility that such a designer desires. Moreover, 
braiding is limited by a very sloW operating speed compared 
to the faster and more versatile ?lament Winding technology. 

[0013] The tWo most ef?cient methods for fabricating 
composite components are generally considered to be ?la 
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ment Winding and pultrusion. The pultrusion process is more 
limited in the part con?gurations that can be fabricated and 
the matricies that can be used. The ?lament Winding process 
traditionally Was based on attaching ?laments to a mandrel 
and then pulling the band of ?laments through a bath of resin 
as the mandrel rotated. Fiber orientation Was controlled by 
translating the bath and ?ber band guide along the mandrel 
as the mandrel rotated. By coordination of the translation 
and rotation, the ?ber angle Was controlled. This process is 
very ef?cient and has been used to fabricate such items as 
pipes, pole vault poles and rocket motor cases. 

[0014] A disadvantage of existing ?lament Winding 
machines is that they have a limited ability to control the 
orientation of the ?laments. When fabricating long shapes, 
they can not apply ?laments in the axial direction as the 
?laments Would simply fall out of position. This is a serious 
limitation When fabricating advanced composite materials, 
such as carbon ?ber reinforced composite tubes, since the 
axial stiffness of the ?nished tube is seriously degraded by 
only a feW degrees of deviation from the axial direction. 

[0015] A second problem With existing ?lament Winding 
machines is that they can not change the ?lament Winding 
angle Without spreading this change over a large axial 
distance. This limitation is a result of the inability to stop the 
?laments from sliding in the axial direction. This is a 
disadvantage in that it limits the ability of the composites 
designer to specify the desired orientations and requires him 
to settle for a machine imposed solution. 

[0016] A third disadvantage is that the ?laments must very 
gradually reverse direction in such a manner as to Wrap 
around the mandrel suf?ciently to prevent them from sliding 
back doWn the mandrel. This results in a ?lament buildup at 
the location Where the machine reversed direction. This 
buildup is generally either left as excess material or is cut 
from the ?nal part but is Wasted material in either case. A 
further disadvantage that this draWback causes is that it 
prohibits short layers for use With overlaying layers, as the 
buildup at the ends of the shorter layers Will cause a bump 
in the overlaying plies. Such a bump is both unsightly and 
can also cause structural Weakness. 

SUMMARY OF THE INVENTION 

[0017] The invention relates both to apparatus for, and 
methods of, forming composite materials based upon a 
novel over-laying of a primary set of ?laments by a Wound 
second set of ?laments Which secures the primary ?laments 
in place in a desired pattern. The method of fabricating a 
?ber reinforced composite structure involves the steps of 
using at least tWo sets of ?laments Which are applied to a 
support surface that is chosen to match the desired shape of 
a ?nished composite structure. 

[0018] In accordance With my invention I choose to place 
my ?rst ?ber set in a non-secured but predetermined orien 
tation on a support surface, such as a mandrel, for example. 
Let us say that the mandrel is chosen to form a unique 
sailboat mast having particularly rigorous design criteria. 
Moreover, assume that this mast requires many axial ?la 
ment strands, Which strands tend to fall aWay from the 
mandrel surface as soon as they are being applied. 

[0019] In my invention, I over-Wrap the ?rst ?ber set With 
at least one additional ?ber set, Which additional set extends 
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around the mandrel and immediately folloWs behind and 
secures the ?rst ?ber set to the mandrel in accordance With 
predetermined orientations. 

[0020] In my novel approach such predetermined orien 
tations range from Zero to essentially ninety degrees on said 
support surface. As an example, let us assume that the 
composites designer is presented With a speci?cation to suit 
the sailboat mast requirements. Once the mast has achieved 
the required layers of ?lament—perhaps in the order of 
tWenty layers or so—these ?lament sets are impregnated 
With a matrix material Which solidi?es, and When cured, 
hardens the Wound ?ber sets into the desired mast shape. 
This structure has very precisely controlled ?ber orientations 
for superior strength and reliability. When a supplier is today 
faced With liability for any and all catastrophes, such precise 
?lter alignment is mandatory. Please keep in mind that even 
a feW degrees variation from the desired design goal vastly 
deteriorates the strength and reliability of the ?nished part. 

[0021] In my embodiment I have also provided a Way of 
removing the impregnated ?ber structure from the mandrel 
support surface in order to assure that the matrix material 
and the impregnated ?bers have an inside shape that matches 
the outside shape of my mandrel. In my apparatus for 
performing my novel method, I have achieved a versatility 
Which alloWs my mandrel to be either in a stationary position 
or to move relative to my source(s) of ?lament supply. When 
using spool sets for applying ?laments, I have the added 
capability to meet designer’s requirements since the spools 
both rotate and translate relative to the mandrel. Indeed, all 
of the rotating spools may move axially relative to the 
mandrel, and may serve to apply axial layers along the 
longitudinal axis of the mandrel. These capabilities are 
important features of this my invention. 

[0022] In my apparatus I have established arrays for the 
spool sets Which I employ for laying doWn the ?bers. Such 
spool sets are normally in a uniform pattern around my 
mandrel. In conjunction With these spool sets, I have ?xed 
locations for applying certain ?laments as needed for ver 
satility in meeting the diverse design requirements for 
composite material application of the technology of today. 
Since the outside shape of the mandrel ?xes the inside shape 
of the composite material being formed, I employ, as an 
option, a collapsing mandrel in order to secure an easy and 
ef?cient release of the formed composite material. 

[0023] This improved ?lament Winding invention, pre 
sents a diverse number of options for securing any given 
number of yarns to a mandrel as required including axial 
?ber layers. Multiple ?ber passes, each yielding a layer of 
given orientations from Zero to ninety degrees relative to the 
longitudinal axis of a mandrel provides valuable freedom in 
composite material designs. The resulting improvements 
achieved by this novel invention substantially eliminate 
many of the above noted disadvantages of prior art ?lament 
Winding or braiding machines, thus alloWing the composites 
designer to produce structurally ef?cient products While 
fabricating them in an ef?cient manner. 

[0024] Several objects and advantages of the invention are 
to enable ?lament Winding of products Without resorting to 
excessive Wraps around the mandrel, to alloW the use of 
short plies or layers to be used in combination With longer 
layers, and to alloW selection of a Zero to ninety degree 
orientations of the ?laments relative to the mandrel axis. My 
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range thus includes axial layers that run along the longitu 
dinal axis of the mandrel and also can run transverse to that 
axis. 

[0025] Still further objects and advantages include the 
ability to use inexpensive mandrels as Will become readily 
apparent from the following detailed description. Additional 
objects and advantages of the invention are to apply the 
?laments Without a plastic resin thus alloWing subsequent 
impregnation by a matrix of the designer’s choice. 

DRAWINGS 

[0026] FIG. 1 is a perspective vieW of a machine con 
structed in accordance With the invention; 

[0027] FIG. 2 is a perspective vieW of a ?lament appli 
cation subassembly or Zone for the machine in FIG. 1; 

[0028] FIG. 3 includes FIG. 3A and FIG. 3B Which are 
respectively a simpli?ed diagram shoWing application of 
primary and secondary over-laying ?laments to a mandrel 
by techniques of either dry or pre-impregnated ?laments.; 

[0029] FIG. 4 is an end vieW of the machine in FIG. 1; 

[0030] FIG. 5 is a side vieW of machine in FIG. 1; and 

[0031] FIG. 6 is a top vieW of the machine in FIG. 1. 

DETAILED DESCRIPTION OF THE DRAWING 

[0032] FIG. 1 is a perspective vieW of a machine 100 
constructed in accordance With my invention. A base plate 
25 supports the ?lament Winding mechanism 50 and trans 
lating supports 75 for the mandrel 15. The Winding mecha 
nism 50 consists of rotating rings 21 through 24 With 
attached spools 1 through 4 of ?laments. The rings 21, etc. 
can be rotated by the motors 5 through 8 Which are, in turn, 
controlled by a computer Which is not shoWn. Such com 
puter controlled machines are Well knoWn in this art and 
need no further description. The mandrel supports 14 and 16 
are keyed into the base plate 25 With a dove tail thus 
alloWing them to translate as directed by a motor 8 running 
through a pinion 9 and acting on a rack 10 attached to the 
base plate 25. 

[0033] FIG. 2 is perspective vieW of a typical ring sub 
assembly. Ring 22 provides support for four spool brackets 
31. Each spool bracket 31 has one spool, or bobbin, 2 of 
Wound ?laments 29 With a friction restraint to provide 
tensioning for the ?laments 29 as they are pulled from the 
spools 2. The ?laments 29 pass through holes 27 in the outer 
ring 22 and then through holes 28 in the innermost ?lament 
control ring 30. After passing through rings 22 and 30, the 
?laments 29 are available to Wrap onto the mandrel 15 (FIG. 
1) Which is not shoWn in this FIG. 2. Filament control ring 
30 is supported by four spokes 32 that are threaded into rings 
22 and 30 respectively. Ring 22 has a bearing race 33 in each 
axial face. Ring 22 may be driven by a belt 26 (FIG. 1) that 
runs in groove 34 under speed control from a servo motor 8 
(not shoWn in FIG. 2). 

[0034] FIG. 3 includes FIGS. 3A and 3B Which are 
respectively a simpli?ed section of Winding on a mandrel 
section and a block diagram of ?lament Winding options and 
decision controls. FIG. 3A shoWs several primary ?lament 
129a, 129b, etc. running axially along the longitudinal axis 
49 of mandrel 15. These primary ?laments Would tend to fall 

Mar. 20, 2003 

or scoot around on mandrel 15 When laid doWn in an axial 
or Zero degree direction as shoWn. In accordance With this 
invention, hoWever, my spool sets such as that of FIG. 2 
folloW closely behind the primary ?laments 129 and imme 
diately over-Wrap a secondary ?lament Winding 139 that 
secures the primary ?laments in place. The inner ring 30 
alloWs my secondary ?laments 139 to be immediately 
behind the primary ?laments 129 and thus secures them in 
place on the mandrel 15 With precisely controlled orienta 
tions. 

[0035] FIG. 3B is a simpli?ed block diagram of my 
method Which shoWs that either dry or pre-impregnated 
?bers may be laid doWn on a mandrel as desired. Also shoWn 
is a matrix ?lament and a pre-impregnated step that alloWs 
either type ?lament to secure the primary ?laments in place 
on a mandrel. In this How chart type draWing, bobbins 120 
provide the primary ?laments Which at 122 are applied to 
mandrel 15 as shoWn in FIG. 3A. Bobbins 121 provide the 
secondary ?laments 139 Which at 123 secure the primary 
?laments 129 by over-Wrapping them. 

[0036] At decision step 124, a determination is made as to 
Whether or not the ?laments Were pre-impregnated. If not, 
then at step 125, the ?laments are impregnated. Both opera 
tional both paths then lead to a curing of the matrix at 126. 
Step 127 removes the composite structure. 

[0037] My mandrel 15 is collapsible to provide for 
removal of the impregnated ?ber structure from the mandrel 
support surface Whereby the matrix material and the ?bers 
have an inside shape that matches the outside shape of the 
mandrel support surface. 

[0038] FIG. 4 is an end vieW of the machine 100 of FIG. 
1. This end vieW shoWs the position of mandrel 15 relative 
to the ?lament positioning ring 30. Note that both the center 
of the circular surface mandrel 15, and the inner and outer 
rings 22 and 30 all share a common center. Spools 1 are 
attached to ring 21 With similar brackets—such as 31 shoWn 
in FIG. 2—except that they are shorter as necessary to 
provide clearance under the spools 2 that are attached to 
adjacent ring 22. Ring 18 is a non-rotating support ring that 
has a bearing race on the hidden side. Each ring has a 
bearing race that matches that in the facing ring. The rings 
thereby support each other With the ball bearings in these 
races and With the outer non-rotating support rings 18 being 
anchored by ?xed supports 26. 

[0039] This end vieW of FIG. 4 also shoWs hoW one set of 
spools may be held in a ?xed position relative to the 
mandrel. Computer control for the various spool sets can 
achieve a rotation from Zero on up to higher speeds as 
necessary. At Zero speed the spool set 1, for example, 
becomes ?xed in place, and in that instance Would be laying 
doWn four ?laments that run axially along the mandrel 15. 
Obviously the number of spools and their orientation as 
shoWn in these draWings is a matter of choice and should not 
be taken as limiting. As a typical example, four spools only 
are shoWn, When in actual practice, each such set may 
involve up to forty spools. 

[0040] FIG. 5 shoWs a side vieW of the machine. As there 
shoWn one sees that the spools are generally in the same 
transverse plane as the ?lament supply rings such as ring 30 
of FIG. 2. Such a location, hoWever, is not to be taken as 
limiting because such spools may be otherWise located. 
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[0041] FIG. 6 shows a top vieW of the Winding machine. 
This vieW shows that the spools 1 and 2 are in a common 
rotating plane but spools set 1 is rotating on a smaller 
diameter than spool set 2. This is best shoWn perhaps, in 
FIG. 3. Bar 20 connects mandrel support bases 16 such that 
the bases are held at a set end to end distance. Note that bolts 
28 anchor plate 20 and can be adjusted to set the spacing of 
the tWo bases 16 to accommodate different length mandrels 
15. 

Speci?c Reference Numerals Matched With 
Components of the DraWing 

[0042] 1 spool—or bobbin—of ?laments 

[0043] 2 spool of ?laments 

[0044] 3 spool of ?laments 

[0045] 4 spool of ?laments 

[0046] 5 motor 

[0047] 6 motor 

[0048] 7 motor 

[0049] 8 motor 

[0050] 9 pinion 

[0051] 10 rack 

[0052] 11 belt 

[0053] 12 belt 

[0054] 13 belt 

[0055] 14 mandrel support base 

[0056] 15 mandrel 

[0057] 16 mandrel support 

[0058] 17 mandrel clamp 

[0059] 18 support ring 

[0060] 19 motor 

[0061] 20 bar 

[0062] 21 ring 

[0063] 22 ring 

[0064] 23 ring 

[0065] 24 ring 

[0066] 25 base plate 

[0067] 26 ring support plate 

[0068] 27 hole 

[0069] 28 hole 

[0070] 29 ?laments 

[0071] 30 ?lament control ring 

[0072] 31 spool bracket 

[0073] 32 bracket 

[0074] 33 bearing race 

[0075] 34 belt groove 
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DETAILED DESCRIPTION 

[0076] The operation of this invention differs from con 
ventional composite ?lament Winders in several Ways. In 
this invention, the mandrel 15 does not rotate because the 
machine 100 causes the ?laments 29, FIG. 2, to be Wrapped 
around the non-rotating mandrel 15. I have achieved opera 
tional ?exibility by mounting spool sets such as 1, 2, 3 etc. 
on respective outer rings 21, 22, 23, etc. Each outer ring is 
one of a pair of concentric rings 30 for each Zone, and both 
rings of the pair are spoke connected such that both rings of 
a pair rotate around a mandrel 15 (FIG. 1) that is positioned 
relative to the innermost ring 30. My spool, or bobbin, sets 
are in a side by side relationship and are controlled inde 
pendently of each other by a computer in any Well knoWn 
manner. Several respective sets of ?laments can thus be 
applied sequentially and almost simultaneously. 

[0077] The outermost spool 2 location, FIG. 2, alloWs 
?laments 29 to be brought through holes 37 in the outer ring 
22 and admitted into and through openings 28 in the inner 
?lament control ring 30. By passing the yarns through holes 
28 in the inner ring 30, the yarns, or ?laments, 29 can be laid 
doWn in close and controlled proXimity to the surface of a 
mandrel that is positioned Within the opening of the inner 
ring 30. Advantageously, the mandrel 15, FIG. 1, is essen 
tially a roll that ?ts snugly Within the inner ring 30 While 
shoWn as concentric toroids, or rings, the inner and outer 
geometric con?gurations, of course need not be circular, but 
may be varied in shape in accordance With the particular 
composite structure being formed. Different shaped man 
drels may thus be accommodated Within the ?lament control 
apparatus of appropriate shape. 

[0078] Use of a mandrel-surrounding ?lament control 
means such as inner ring 22 and the outer ring 30 alloWs the 
?lament 29 to be position controlled just prior to the ?lament 
29 being Wound onto the mandrel 15. My apparatus thus 
achieves a high degree of accuracy in ?lament placement. 
Moreover, as shoWn in FIG. 2, spokes 32 ?X inner ring 30 
relative to outer ring 22, and such spokes can be of varying 
length and interchangeable so as to alloW different shapes for 
the innermost ?lament application set, or Zone. By simply 
changing the inner ring con?guration—or even leaving it out 
entirely—different ?lament shapes may be laid doWn on 
complex shaped mandrels and yet form various types of 
composite material structures by closely controlled ?lament 
applications. 
[0079] FIG. 2 illustrates a typical inner and outer ring pair 
subassembly in accordance With my invention. The ring 22 
supports the spools by use of brackets 31 and outer ring 22 
also holds the internal ?lament positioning ring 30. The 
outer ring 22 is driven by a belt (11, FIG. 1) riding in groove 
34 located on the eXterior of the ring 22. Ring 22 is held in 
position by the ball bearings (not shoWn) that ride in the 
races 33 on each side of the ring face. 

[0080] As a ring pair is rotated and the mandrel is moved 
axially, several ?laments 29, in accordance With the number 
of spools 2 and openings 27, 28 of a given bobbin set, Will 
be draWn onto the mandrel in helical patterns. Angles of the 
heliX can be adjusted from substantially circumferential to 
aXial along the longitudinal aXis of the mandrel 15 by 
controlling the mandrel translation and the rotation speed of 
the ring pair 22, 30. By using servo motors such as 5, 6 
(FIG. 1) to create these motions, the heliX angles can be 
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computer controlled to allow high quality fabrication of 
complex ?ber architectures that might be speci?ed by an 
advanced composites designer. 

[0081] The Winding machine 100 shoWn in these draWings 
utiliZes four sets of ring subassemblies or Zones. Such Zones 
are in side by side orientation With a common center located 
on the geometric center of the mandrel 15. More or less 
numbers of rings 22 might be used as appropriate to the 
objectives of the composites fabricator. In this machine 100 
each of the rings constitutes a Zone Where ?laments can be 
controlled independently of the adjacent Zones. By loading 
the spools on the tWo inner rings or Zones With a high grade 
structural yarn such as carbon ?laments and the tWo outer 
rings or Zones With a very loW denier glass, the machine Will 
be capable of applying, for example, structural carbon in any 
desired pattern including axial. 

[0082] My improved capability is a result of using one of 
the tWo exterior rings (With the light Weight glass yarns) to 
apply a substantially circumferential helix over the carbon 
yarns as the carbon is draWn onto the mandrel. This over 
Wrapping helix or Winding secures or ?xes the ?laments 
from the inner Zones by pressing them against the previously 
deposited yarns and or the mandrel. The use of the tWo 
outermost Zones for over-Wrapping or ?xing the yarns of the 
inner Zones thus alloWs my novel machine to function 
equally Well in either direction of translation relative to the 
mandrel. 

[0083] The use of the external rotating rings to secure the 
yarns in position alloWs the structural yarns to be applied 
Without Wrapping them around the mandrel prior to revers 
ing the translation. This permits short layers, reduction of 
Waste, fabrication of composite structures With high axial 
content and local ply build-up for internal reinforcements in 
areas of high concentrated force loading. The process is 
equally effective When used With structural yarns in a helix 
rather than axial orientation in that it alloWs soft helix 
angles, as Well as quickly changing helix angles, and it 
eliminates the need to sloWly change the helix angle at the 
end of the translation. 

[0084] Another feature of the machine is the use of rings 
to help control the yarn positions just prior to depositing 
them on the mandrel. These rings can function similar to the 
Wiper rings on a braiding machine in that the yarns can pass 
betWeen the rings. Unlike the Wiper rings on a braiding 
machine, the rings can also be made With holes as shoWn in 
FIG. 2 such that the yarns pass through the holes for more 
precise positioning of the yarns. This can be done by 
alloWing the rings to rotate With the mechanism controlling 
the yarns in each Zone. 

[0085] Another embodiment of the invention is to hold the 
mandrel in a ?xed location and move the Winding assembly 
back and forth over the mandrel. This can be a substantial 
advantage When fabricating long composite structures such 
as sailboat masts as it reduces the amount of ?oor space that 
is required. 

[0086] While my invention has been described With ref 
erence to particular examples of some preferred embodi 
ments, it is my intention to cover all modi?cations and 
equivalents Within the scope of the folloWing claims. It is 
therefore requested that the folloWing claims, Which de?ne 
my invention, be given a liberal interpretation commensu 
rate With my contribution to the relevant technology. 
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What is claimed is: 
1. A method of fabricating a ?ber reinforced composite 

structure from at least tWo sets of ?laments from a ?lament 
supply applied to a non-rotating mandrel support surface 
chosen to match a desired shape of said composite structure, 
said method comprising the steps of: 

placing at least one or more ?rst ?ber sets in any non 
secured but predetermined orientations of from Zero to 
essentially ninety degrees on said support surface; and 

over-Wrapping said ?rst ?ber set(s) With at least one 
additional ?ber set, Which additional set extends around 
the mandrel support surface and secures said ?rst ?ber 
set in said predetermined orientations. 

2. The method in accordance With claim 1 and comprising 
the additional step of: 

impregnating said ?ber sets With a matrix material Which 
solidi?es said ?ber sets into said desired shape; and 

removing said impregnated ?ber structure from said man 
drel support surface Whereby said matrix material and 
said ?bers have an inside shape that matches the 
outside shape of the support surface. 

3. The method of claim 1 Wherein the support surface is 
a mandrel, the ?lament supply is from bobbins Wound With 
said ?laments and said method comprises the further steps 
of: 

applying the ?ber from said bobbins to said mandrel by 
relative motions betWeen said ?lament supply and said 
mandrel. 

4. The method of claim 1 Wherein the support surface is 
a mandrel having a longitudinal axis and Wherein said 
?laments are delivered from spool sets and comprising the 
further steps of: 

rotating and/or translating one or more spool sets relative 
to said longitudinal axis of said mandrel. 

5. The method of claim 4 Wherein some of the ?bers are 
draWn from a set of one or more spools having bobbins 
designed to carry Wound ?bers, and said method further 
comprises the step of: 

arraying said spool set and said bobbins in a predeter 
mined pattern around said mandrel. 

6. The method in accordance With claim 5 comprising the 
additional step of: 

applying said ?ber ?lament from a ?xed location relative 
to said support surface. 

7. The method of claim 6 comprising the further step of: 

controlling said movement of said spool sets such that at 
least one of said sets is non rotational While said set still 
moves axially along said longitudinal axis of said 
non-rotating mandrel. 

8. The method of claim 5, Wherein said ?ber ?lament sets 
forming said composite structure employ the use of one or 
more sets of spools of ?bers from bobbins that Will be 
applied to said mandrel, and said method comprises the 
further step of: 

removing the mandrel from the composite structure by 
collapsing said mandrel. 

9. The method of claim 1 comprising the further step of: 

supporting said sets of spools such that the position of said 
sets are ?xed relative to each other in the direction 
corresponding to the axial direction of said mandrel. 
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10. Filament Winding apparatus for fabricating ?ber rein 
forced composite structures from at least tWo sets of ?la 
ments to be applied to a non-rotating support surface chosen 
to match the desired shape of said composite structure, said 
apparatus comprising: 

?rst means for placing at least one or more ?rst ?ber sets 
in any non-secured but predetermined orientations 
from Zero to ninety degrees on said support surface; 

second inner means located Within the ?rst ?ber set 
placing means and having located therein an opening 
for receiving a ?lament support surface; and 

?lament control means including said second means for 
over-Wrapping said ?rst ?ber set(s) With at least one 
additional ?ber set, Which additional set eXtends around 
the support surface and secures said ?rst ?ber set in said 
predetermined orientations on said support surface. 

11. Apparatus for fabricating ?ber reinforced composite 
structures in accordance With claim 10 and further compris 
mg: 

means for impregnating said ?ber sets With a matrix 
material Which solidi?es said ?ber sets into said desired 
shape prior to removal from said support surface. 

12. The apparatus in accordance With claim 10 Wherein 
said support surface is a mandrel and said apparatus further 
comprises: 

means for holding said mandrel in a stationary position; 
and 

means for applying the ?ber sets to said stationary man 
drel by spool sets Which are moved relative to the 
stationary mandrel. 

13. The apparatus of claim 12 Wherein the mandrel has a 
longitudinal aXis and said apparatus further comprises: 

a plurality of circular spool sets Which are in side by side 
relation With each other and all sharing a common 
center aligned With said longitudinal aXis of said man 
drel; and 

each of said spool sets having bobbins adapted to receive 
Wound spools of said ?ber ?laments together With ?ber 
application rings centrally located Within said spools 
and also having the same common center as said 
circular spool sets. 

14. The apparatus of claim 13 Wherein the mandrel has a 
longitudinal aXis and said apparatus further comprises: 

means for rotating one or more spools around the mandrel 
and also moving said spool sets along said longitudinal 
aXis relative to said mandrel at a controlled rate such 
that a circumferential heliX of said secondary ?laments 
?Xes and secures said primary ?laments in place along 
said mandrel. 

15. The apparatus of claim 14 Wherein some of the ?bers 
are draWn from a set of one or more spools of ?bers and said 
apparatus further comprises: 

means for arraying said spools in a spaced pattern Which 
surrounds said mandrel. 
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16. The apparatus in accordance With claim 10 and further 
comprising: 

means for applying said ?ber ?lament from a ?Xed 
location relative to said support surface. 

17. The apparatus of claim 10 and further comprising: 

means for controlling said movement of said spool sets 
such that at least one of said sets is non rotational While 
still moving aXially along said longitudinal aXis. 

18. The apparatus of claim 10 and further comprising: 

means for removing the mandrel from the composite 
structure by collapsing said mandrel. 

19. Filament Winding apparatus for fabricating ?ber rein 
forced composite structures from a plurality of sets of 
?laments to be applied to a non-rotating mandrel support 
surface chosen to match the desired shape of said composite 
structure, said apparatus comprising: 

?rst outer circular means having spools of Wound ?la 
ments thereon for placing at least one or more ?rst ?ber 
sets in any non-secured but predetermined orientations 
from Zero to ninety degrees on said mandrel support 
surface; 

second inner means located Within the ?rst ?ber set 
placing means and having located therein ?lament 
openings for guiding ?laments from said outer circular 
means to the inner surface of said second means for 
secondary ?lament placement and over-Wrapping of 
said primary ?laments on the surface of said mandrel 
support for securing said primary ?laments in place on 
said mandrel; and 

means for controlling the movement of said ?rst and 
second ?lament supply means such that the primary 
and secondary ?laments supply means are rotated 
around said non-rotating mandrel and both said ?rst 
and second means translate together as a ?Xed unit back 
and forth along the longitudinal aXis of said mandrel 
While applying concentric layers of ?laments in said 
predetermined orientations around each layer on said 
mandrel support surface. 

20. The ?lament Winding apparatus of claim 12 Wherein 
the mandrel has a longitudinal aXis and said apparatus 
further comprises: 

a plurality of circular spool sets Which are in side by side 
relation With each other and all sharing a common 
center aligned With said longitudinal aXis of said man 
drel; and 

each of said spool sets having bearing races and bearings 
located betWeen the inner surfaces of adjacent spool 
sets Which alloW adjacent spool sets to be controlled 
independently of each other during said ?lament layer 
application. 


